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What is claimed is: 



1 . In a stented graft that can alternately include a compact configuration having 
a first diameter and an expanded configuration having a greater diameter, 
comprising, in combination: 

□ at least one stent formed in a generally cylindrical shape having an 
outer surface and a\hollow bore extending longitudinally therethrough, 
wherein said stent can alternately exist in a compact configuration 
having a first diameter \and an expanded configuration having a 
greater diameter and/imirality of lateral openings; and, 

□ a flexible, porous, biocompatible tubular elastomer covering having a 
first end, a second end,\an outer surface and a hollow bore that 
extends longitudinally theretnraugh to define an inner surface; 

said stent being deployed coaxially withrn said hollow bore of said covering 
such that said inner surface of said tuqular covering is in contact with said 
outer surface of said stent; 

the improvement wherein said stent is cdated with a coat comprising a 
composite of at least one polymer and at l^ast one therapeutic substance to 
form a drug eluting stented graft. 

2. The drug eluting stented graft of claim 1 , wiierein said at least one 
polymer is a biocompatible, pharmaceuticarfy acceptable, bioerodible 
polymer. 
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3. The drug eluting stented graft of claim 1 , wherein said at least one 
polymer is a polyester. 

4. The drug eluting sterited graft of claim 1 , wherein said at least one 
therapeutic agent is selected from the group consisting of antiplatelet 
agents, anticoagulant agents, antimetabolic agents, vasoactive agents, 
nitric oxide releasing agents, anti-inflammatory agents, antiproliferative 
agents, antisense agents, pYo-endothelial agents, anti-migratory agents, 

- antimicrobial agents, selective^ene delivery vectors, sirolimus, 
actinomycin-D and paclitaAel. 



5. The drug eluting stented graft sf claim 4, wherein said selective gene 
delivery vectors are Semliki Forest V\jrus (SMV) adapted to deliver 
restenosis preventing genes. 



6. The drug eluting stented graft of claim i wherein said at least one 
polymer is a hydrophobic, bioerodible, copolymer comprising mers I and 
II according to the following formula: 
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1 □ Ri is a member selected from the group consisting of alkylene 

2 of 1 to 10 carboris; alkenylene of 2 to 10 carbons; alkyleneoxy of 2 to 6 

3 carbons; cycloalkylene of 3 to 7 carbons; cycloalkylene of 3 to 7 carbons 

4 substituted with a member selected from the group consisting of alkyl of 

5 1 to 7 carbons, an alfcoxy of 1 to 7 carbons, an alkylene of 1 to 10 

6 carbons, and an alkenyl of 2 to 7 carbons; cycloalkenylene of 4 to 7 

7 carbons; cycloalkenylene of 4 to 7 carbons substituted with an alkyl of 1 

8 to 7 carbons, an alkoxyttf 1 to 7 carbons, an alkylene of 1 to 10 carbons, 

9 and an alkenyl of 2 to 7 cantons; arylene; and arylene substituted with an 




10 alkyl of 1 to 7 carbons^an a^pxvof 1 to 7 carbons, an alkylene of 1 to 

11 10 carbons, an alkenyl of^ oy carbons; and wherein a is 0 to 1 ; b is 2 

12 to 6; m is greater than 10; n is greater than 10; and at least one of 

13 Ri, a, and b in mer I is different thjan R 1t a, and b in mer II; and wherein: 
14 

1 5 □ said composite of at least one polymer and at least one therapeutic 

16 substance when in operation bioerodes and releases said at least one 

1 7 therapeutic substance at a rate selecteVl from (1 ) a zero order rate, (2) a 

18 continuous rate, and (3) a variable rate, which rate is produced by 

1 9 preselecting said composite of at least one polymer and at least one 

20 therapeutic substance, and said elastomer^to give the desired result. 
21 
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7. The drug eluting Rented graft of claim 1 , wherein said at least one polymer is 
a hydrophobic, bioerpdible, terpolymer comprising mers I, II, and III according 
to the following formul* 




wherein: 

□ Ri is a member select 
10 carbons; alkenylen 
carbons; cycloalkylene d 
carbons substituted with a 
of alkyl of 1 to 7 carbons, alko 




the group consisting of alkylene of 1 to 
carbons; alkyleneoxy of 2 to 6 
ions; cycloalkylene of 3 to 7 
cted from the group consisting 
7 carbons, an alkylene of 1 to 



10 carbons, and an alkenyl of 2 to a carbons; cycloalkenylene of 4 to 7 



carbons; cycloalkenylene of 4 to 7 carbons substituted with an alkyl of 
1 to 7 carbons, an alkoxy of 1 to 7 carbons, an alkylene of 1 to 10 
carbons, and an alkenyl of 2 to 7 carbons; arylene; and arylene 
substituted with an alkyl of 1 to 7 carbons\ an alkoxy of 1 to 7 carbons, 
an alkylene of 1 to 10 carbons, an alkenyl o\2 to 7 carbons; and 
wherein a is 0 to 1 ; b is 2 to 6; m is greater than 10; n is greater than 
10; p is greater than 10; and at least one of r\, a, and b in mers I, II 
and III is different than R 1f a, and b in mers I, ll\and III; and wherein: 
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□ said composite of at least one polymer and at least one therapeutic 
substance when in operation bioerodes and releases said at least one 
therapeutic substance at a rate selected from (1) a zero order rate,(2) 
a continuous rate\ and (3) a variable rate, which rate is produced by 
preselecting said composite of said at least one polymer and said at 
least one therapeutiq substance, and said elastomer to give the 
desired result. 



8. The drug eluting stented draft otblaim 1 , wherein: 

□ a multiplicity of microcapsule's dispersed within said at least one 
polymer, wherein saio\iiclrdca]Ds\les have a wall formed of a drug 
release rate controlling material; N 



□ said at least one therapeutic substance is contained within said 



multiplicity of microcapsules; and, 



□ said at least one polymer has the formula: 



•Rj-O-C-0 



I I V 




wherein Ri is a member selected from the group of divalent, trivalent and 
tetravalent radicals consisting of alkylene of 1 to 10 carbons; alkenylene of 
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2 to 10 carbons; alkyleneoxy of 2 to 6 carbons; cycloalkylene of 3 to 7 
carbons; cycloalkylene of 3 to 7 carbons substituted with an alkyl of 1 to 7 
carbons, alkoxy of 1 to 7 carbons, an alkylene of 1 to 10 carbons, and an 
alkenyl of 2 to 7 cartoons; cycloalkenylene of 4 to 7 carbons 
cycloalkenylene of 4 to 7 carbons substituted with an alkyl of 1 to 7 
carbons, an alkoxy of \ to 7 carbons, an alkylene of 1 to 10 carbons, and 
an alkenyl of 2 to 7 carbons; arylene; and arylene substituted with an alkyl 
of 1 to 7 carbons, an alkoxy of 1 to 7 carbons, and an alkenyl of 2 to 7 
carbons; R2 and R 3 aVe selected from the group consisting of alkyl of 1 to 
7 carbons; alkenyl of ^ to 7 claKbons; alkoxy of 1 to 7 carbons; alkenyloxy 
of 2 to 7 carbons; alkylene of 2wM> carbons; alkenylene of 3 to 6 carbons; 



alkyleneoxy of 2 to 6 carboK 
aralkyleneoxy of 8 to 12 carbo) 



{eneoxy of 3 to 6 carbons; aryloxy; 
jnyleneoxy of 8 to 12 carbons; oxa; 
OR1O with R1 as defined above; a heterocyclic ring of 5 to 8 carbon and 
oxygen atoms formed when R 2 and R 3 are taken together; a heterocyclic 
ring of 5 to 8 carbon and oxygen atoms substituted with an alkyl of 1 to 7 
carbons, an alkoxy of 1 to 7 carbons and alkenyl of 2 to 7 carbons formed 
when R 2 and R 3 are taken together; a fused polycyclic ring of 8 to 12 
carbon and oxygen atoms formed when r\ and R 3 are taken together; a 
fused polycyclic ring of 8 to 12 carbon and oxygen atoms substituted with 
an alkyl of 1 to 7 carbons; an alkoxy of 1 to 7\carbons and an alkenyl of 2 
to 7 carbons; and wherein at least one of said K2 and R 3 is a member 
selected from the group consisting of alkoxy, alkenyloxy and OR1O; R 2 
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and R3 when taken together are a member selected from the group of 
heterocyclic and fused polycyclic rings having at least one oxygen atom in 
the ring; and whereiri n is greater than 10; 
so that, in operation, said polymer and said microcapsules bioerode at a 
controlled and continuous rate oyer a prolonged period of time, thereby releasing 
said at least one therapeutic subsfance at a controlled and continuous rate over 
a prolonged period of time. 

9. The drug eluting stented graft of\lajm\1,Vherein: 

□ said coat further comprises at\lea x st a first layer and a second layer, 



wherein said first layer comprises said at least one therapeutic 
substance and at least a first polyiner, and said second layer 



comprises said at least one therapeutic substance and at least a 
second polymer, wherein at least one of said first polymer and said 
second polymer are selected from the group consisting of polymers of 
the formula: 



I 
1 

•Rj-O-C-0 

! / \. 

I — I 
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1 wherein Ri is aVmember selected from the group of divalent, trivalent and 

2 tetravalent radicals consisting of alkylene of 1 to 1 0 carbons; alkenylene of 2 to 

3 10 carbons; alkylenteoxy of 2 to 6 carbons; cycloalkylene of 3 to 7 carbons; 

4 cycloalkylene of 3 to 7\ carbons substituted with an alkyl of 1 to 7 

5 carbons, alkoxy of 1 to 7 carbons, alkylene of 1 to 10 carbons, and an 

6 alkenyl of 2 to 7 carbons; cycloalkenylene of 4 to 7 carbons; 

7 cycloalkenylene of 4 to 7 carbons substituted with an alkyl of 1 to 7 

8 carbons, an alkoxy of 1/to T^arbons, an alkylene of 1 to 10 carbons, and 

9 an alkenyl of 2 to 7 carbons; arylene; and arylene substituted with an 
10 alkyl of 1 to 7 carbons, ar^ alkoxypf l^o 7 carbons, and an alkenyl of 2 
11 



to 7 carbons; R2 and R3 are N 
fU 12 of alkyl of 1 to 7 carbons; al 



the group consisting 
rbons; alkoxy of 1 to 7 
carbons; alkenyloxy of 2 to 7 carbons; ^Ikylerte of 2 to 6 carbons; 
alkenylene of 3 to 6 carbons; alkyleneoxfy of 2 to 6 carbons; alkenyleneoxy 
of 3 to 6 carbons; aryloxy; aralkyleneoxy 0Y8 to 12 carbons; 
aralkenyleneoxy of 8 to 12 carbons; oxa; O R1O with R1 as 
defined above; a heterocyclic ring of 5 to 8 carbon and oxygen atoms 
formed when R 2 and R 3 are taken together; a heterocyclic ring of 
5 to 8 carbon and oxygen atoms substituted with an alkyl of 1 to 7 
carbons; an alkoxy of 1 to 7 carbons and an alkenyl of 2 to 7 carbons 



formed when R 2 and R3 are taken together; a fused polycyclic 

ring of 8 to 12 carbon and oxygen atoms formed when R 2 and R 3 

are taken together; a fused polycyclic ring of 8 to 12 carbon and oxygen 
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1 atoms substituted with an alkyl of 1 to 7 carbons, an alkoxy of 1 to 7 

2 carbons and an alRenyl of 2 to 7 carbons; and wherein at least one of said 

3 R 2 and R 3 is a member selected from the group consisting of alkoxy, alkenyloxy 

4 and OR-iO; Ri and R3 when taken together are a member selected from the 

5 group of heterocyclic and fbised polycyclic rings having at least one oxygen atom 

6 in the ring; and wherein is greater than 10; 

7 so that when in operation, said layers bioerode at a controlled and continuous 



8 rate over a prolonged period of time, thereby releasing said at least one 

9 therapeutic substance at a corprolie^and continuous rate over a prolonged 
10 period of time. 

H 11 

rp 

fy 12 10. The drug eluting stented graft df v clairfi^9, 'wherein said first polymer is a 
s 1 3 pharmaceutical^ acceptable biocom^atib'le non-bioerodible polymer that 



^14 sequesters an agent for brachytherapy. 

fy 

£15 

u 

5=5 1 6 11. The drug eluting stented graft of claim 1 0, wherein said agent for 

1 7 brachytherapy is selected from the group consisting of palladium-1 03 ( 103 Pd), 

1 8 192 lr, 32 P, 188 Re, and Sr/Y90 source trains. 
19 

20 12. The drug eluting stented graft of claim 1 , wherein: 

21 □ a multiplicity of discrete, closed cells exists within said at least one 

22 polymer, said cells having a wall formed and defined by said at least 

23 one polymer; 
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□ said at least one polymer has the formula 




Rj— 0— C— 0- 
J / \ 

i i 



wherein Ri is a member select^ 
tetravalent radicals consisting Ipf alkyfi 
2 to 10 carbons; alkyleneoxy of\2 to 6 



the group of divalent, trivalent and 
le of 1 to 10 carbons; alkenylene of 
jpns; cycloalkylene of 3 to 7 



carbons; cycloalkylene of 3 to 7 carbon 



substituted with an alkyl of 1 to 7 
kylene of 1 to 10 carbons, and an 



carbons, alkoxy of 1 to 7 carbons, anal! 
alkenyl of 2 to 7 carbons; cycloalkenylenebf 4 to 7 carbons; 
cycloalkenylene of 4 to 7 carbons substituted with an alkyl of 1 to 7 
carbons, an alkoxy of 1 to 7 carbons, an alkylene of 1 to 10 carbons, and 
an alkenyl of 2 to 7 carbons; arylene; and arylene substituted with an alkyl 
of 1 to 7 carbons, an alkoxy of 1 to 7 carbons, and an alkenyl of 2 to 7 
carbons; R 2 and R 3 are selected from the group consisting of alkyl of 1 to 
7 carbons; alkenyl of 2 to 7 carbons; alkoxy of 1 to 7 carbons; alkenyloxy 
of 2 to 7 carbons; alkylene of 2 to 6 carbons; alkenylene of 3 to 6 carbons; 
alkyleneoxy of 2 to 6 carbons; alkenyleneoxy of 3 to\6 carbons; aryloxy; 
aralkyleneoxy of 8 to 12 carbons; aralkenyleneoxy of p to 12 carbons; oxa; 
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1 ORiO with Rd as defined above; a heterocyclic ring of 5 to 8 carbon and 

2 oxygen atoms formed when R 2 and R 3 are taken together; a heterocyclic 

3 ring of 5 to 8 carborKand oxygen atoms substituted with an alkyl of 1 to 7 

4 carbons, an alkoxy of 1\to 7 carbons and an alkenyl of 2 to 7 carbons 

5 formed when R 2 and R 3 ark taken together; a fused polycyclic ring of 8 to 

6 12 carbon and oxygen atomsVormed when R 2 and R 3 are taken together; 

7 a fused polycyclic ring of 8 to 12\arbon and oxygen atoms substituted 

8 with an alkyl of 1 to 7 carbons, £in alkoxy of 1 to 7 carbons and an alkenyl 

9 of 2 to 7 carbons; and wherein a\ least\pnikpf said R 2 and R 3 is a member 

1 0 selected from the group consistingVf alkbxV alkenyloxy and ORiO; R 2 

1 1 and R 3 when taken together are a member Selected from the group of 

1 2 heterocyclic and fused polycyclic rings having^t lel^st one oxygen atom in 

13 the ring; and wherein n is greater than 10; 

14 □ wherein said at least one therapeutic substance^issolved in a 

1 5 pharmaceutical^ acceptable carrier that is a solvent for said at least 

1 6 one therapeutic substance and a nonsolvent for said art least one 

1 7 polymer is contained within said multiplicity of discrete, closed cells; 

1 8 so that, when in operation, said at least one polymer is capable of biqeroding at a 

1 9 controlled and continuous rate over a prolonged period of time, thereby* releasing 

20 said at least one therapeutic substance at a controlled and continuous ra^e over 

21 a prolonged period of time. 
22 
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13. The drug elutWj stented graft of claim 1, wherein said stent comprises a 
plurality of eleme^s, wherein each said element comprises an undulating 
linear shape formed into a generally cylindrical configuration having a cylinder 
axis generally aligned on the axis of said hollow bore, and wherein each said 
element is connected to a\ adjacent neighbor element by at least one linear 
connector. 

14. The drug eluting stented graft ^>t^j[aim 1, wherein said plurality of elements 
comprises a spiral. 



15. The drug eluting stented graft of 
is substantially circumferentially offset 



in at least one said connector 
acent neighbor connector. 



16. The drug eluting stented graft of claim 15, when 
offset connectors form a helical array. 




circumferentially 



17. The drug eluting stented graft of claim 1, wherein at least one said connector 
is not substantially circumferentially offset from an adjacent neighbor 
connector. 

18. The drug eluting stented graft of claim 1, wherein said undulating linear shape 
is a generally zigzag shape comprising a plurality of zigs having tfps and a 
plurality of zags having tips, wherein said tip of each said zig of eackelement 
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and the nearest said tip of each said zig of an adjacent neighbor element 
generally lie in a plane passing through the axis of said hollow bore, and 
wherein said tip of at least one said zig of each element and at least one said 
nearest said tip of a zig of an adjacent neighbor are connected by one said 
linear connector. 

19. The drug eluting stented graftofcfeim 1, wherein said undulating linear shape 
is a sinusoidal shape having a pluralitytrf peaks and a plurality of valleys, 
wherein each said peak of each element and each said valley of an adjacent 
neighbor lie generally in a common planey passing through the axis of said 
hollow bore, and wherein at leasrone said peak of\each element and said 
valley of an adjacent neighbor lying generally\in said\cqmmon plane are 
connected by one said linear connector. 

20. The drug eluting stented graft of claim 1 , wherein each said linear connector 
has a length dimension generally parallel to the axis of said hollow bore, and 
a width and depth dimension, and wherein said length aimension is greater 
than said width dimension and said length dimension is greater than said 
depth dimension. 



about 3 to 10 times greater than said width dimension, and said length 
dimension is about 3 to 10 times greater than said depth dimensior 



November 1 5, 2 




Page 50 of 75 



VAS5041CIP2 



22. The drug eluting stented graft according to claim 1, wherein said stent and 
said elastomer are anchored to each other by means for anchoring. 



23. The tubular drug eluting stented graft according to claim 22, wherein said 
means for anchoring comprise protrusions of said covering that fixedly 
protrude into said lateral openings\n said stent. 

24. The drug eluting stented graft of claim 1\wherein said elastomer covering is 
formed of an elastomer selected from the ^oup consisting of 
polytetrafluoroethylene, fluorinatebl ethylene propylene, 



polytetrafluoroethylene-perfluoroalkyl yinyl £theK\cqpolymer, polyvinyl 
chloride, polypropylene, polyethylene terephthalate, broad fluoride; and, other 



\ 



biocompatible plastics. 



25. The drug eluting stented graft of claim 1 wherein said elastomer covering is 
formed of expanded, sintered PTFE tape, said tape having oeen wound about 
the outer surface of said stent to create said covering thereor 



26. The drug eluting stented graft of claim 24, wherein said \ 

polytetrafluoroethylene is expanded polytetrafluoroethylene having Vibrils. 
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27. The drug\eluting stented graft of claim 26, wherein said fibrils measure up to 
about 300 uNn length. 

28. The drug eluting stented graft of claim 26, wherein said fibrils measure up to 
about 200 u in length. 

29. The drug eluting stented graNj of claim 26, wherein said fibrils measure up to 
about 100 u in length. 



yg 10 30. The drug eluting stented gra 

if! 

SJ 1 1 about 50 u in length. 

fy 12 




26, wherein said fibrils measure up to 



31 .The drug eluting stented graft of 
about 5 u in length. 



rein said fibrils measure up to 



32. The drug eluting stented graft of claim 25 wherein said tape has a width of 
less than about 1 inch. 

33. The drug eluting stented graft of claim 25 wherein said tape has a thickness 
of less than 0.015 inch (0.038 cm.) and wherein said tape is wound about 
said stent in overlapping fashion, such that said elastomer covering 
comprises 1 to 10 layers of said tape. 



J 
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wrapped about said stent 



35. The drug eluting stenred graft of claim 25 wherein said tape has a width of 0.5 
inches (1 .27 cm), and wherein said tape is helically wrapped such that 6-8 
revolutions of tape are applied per longitudinal inch (2.54 cm.) of said drug 
eluting stented graft. 

36. The drug eluting stented graft of ctarm 25 wherein said tape is helically 
wrapped alternately in a firsVdirectio¥^hd then in the opposite direction. 

\\\ 

37. The drug eluting stented graft of cla|mJ36 v furtn^r comprising 8 layers of said 
tape. 

38. The drug eluting stented graft of claim 1 whereiri said stent is a self- 
expanding stent. 

39. The drug eluting stented graft of claim 38, wherein said self-expanding stent 



V. 



comprises a shape memory alloy that can alternately exist in a first and a 



V 



second crystalline state, wherein said stent assumes a radially expanded 
configuration when said shape memory alloy is in said first crystalline state, 
and a radially compact configuration when said shape memory alloy is in said 
second crystalline state. 
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40. The drug eluting\stented graft of claim 1 wherein said stent is a pressure- 
expandable stent. 

41 .The drug eluting stented g\aft of claim 1 wherein said stent is formed of a 
metal alloy comprising at leasjt two elements selected from the group 
consisting of iron, cobalt, cljrojnjum, nickel, titanium, niobium, and 
molybdenum. 

42. The drug eluting stented graft of claim\$a wherein said shape memory alloy 
comprises at least about 51 % to atjout 5$%\nipkel and the remainder 
comprising titanium. 

43. The drug eluting stented graft of claim 39 wherein said shape memory alloy 
comprises about 0.25% chromium, at least about\51% to about 59% nickel, 
and the remainder comprising titanium. 



18 44. The drug eluting stented graft of claim 1 wherein said covering has a 

19 thickness of less than 0.1 inch (0.25 cm.). 
20 

21 45. The drug eluting stented graft of claim 25 wherein said PTFI= tape has a 

22 thickness of less than 0.01 5 inches (0.038 cm.), said tape bei\ig wrapped 

23 about said stent in overlapping fashion so as to form said coveting. 
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46. The drug eluting stented graft of claim 25 wherein said PTFE tape has a 
density of less than 1 .6 g/cc. 

47. The drug eluting stented, graft of claim 25 wherein said covering has a 
thickness of less than 0.1 inch (0.25 cm.) and said PTFE tape has a density 
of less than 1 .6 g/cc. 

48. The drug eluting stented\graft of c^im 1 wherein said composite coating was 
applied to said stent by the\steps 

□ immersing said stent in\a liquid dispersion of said composite; 

□ removing said stent from said liqtiicMispersion of said composite; and, 

□ drying said liquid dispersion of saic\cqmposite that has remained on 
said stent, 

whereby said composite coating is formed on^said stent. 



17 49. The drug eluting stented graft of claim 1 wherein said composite coating is 

18 formed by electron beam deposition. 
19 

20 50. The drug eluting stented graft of claim 1 wherein said tabular covering is 

21 adherent to said coat. 



22 
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51 .A method for the tr^tment of cardiovascular disease, comprising implanting 
the drug eluting stented\graft of claim 1 in a patient in need of such treatment 
wherein said implantation rs effective tjo ameliorate one or more of the 
symptoms of said cardiovascular disease. 

52. An article of manufacture, comprising packaging material and the drug eluting 
stented graft of claim 1 contained Witiifcr the packaging material, wherein said 
drug eluting stented graft is effectiv^for^in^^ntation in a patient afflicted with 
cardiovascular disease, and the pacl^ina^m^terial includes a label that 
indicates that said device is effective for said implantation. 



53. In a tubular stented graft which is alternately deployable in a radially compact 
configuration having a first diameter and a radially expanded configuration 
having a second diameter, said stented graft composing: 
• a stent comprising: 

□ at least one member formed in a generally cylindrical shape having 
an outer surface and a hollow bore which extends longitudinally 
therethrough to define an inner surface; 

□ said stent being initially radially collapsible to a\diameter which is 
substantially equal to said first diameter of the stented graft, and 
subsequently radially expandable to a diameter Lhich is 
substantially equal to said second diameter of th^ stented graft; 
and, 
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1 □ a plurality of lateral openings existing in said stent when said stent is at 

2 its radiaHy expanded second diameter; 

3 • a continuous, tubtftar PTFE covering formed on said stent, said PTFE 

4 covering comprising: 

5 □ a tubular inner base graft formed of expanded, sintered PTFE, said 

6 tubular base graft haying an outer surface and an inner surface, said 

7 tubular base graft beina deployed coaxially within the hollow bore of 

8 said stent such that the oeftej surface of the tubular base graft is in 

9 contact with the inneV surface 6\the stent, and the inner surface of said 

1 0 tubular base graft thereby defi^ing^a luminal passageway through the 

1 1 stented graft; and, 

12 □ a tubular outer layer formed dfexpande'd, sintered PTFE tape which 

13 has a width of less than about 1 inch/said tape having been wound 

14 about the outer surface of said stent to oreate said tubular outer layer 

15 thereon, such that said stent is captured between said outer layer and 

1 6 said tubular base graft; 

1 7 said tubular outer layer being attached to said tubular base graft, through 

18 said lateral openings in said stent, to thereby form an integrally stented, 

19 continuous PTFE tube which is alternately disposable \n said radially 

20 compact configuration of said first diameter and said raqially expanded 

21 configuration of said second diameter; 
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the improvement wherein said stent is coated with a coat comprising a 
compositexaf at least one polymer and at least one therapeutic substance 
to form a drug\eluting stented graft. 

54. The drug eluting stented graft of claim 53, wherein said at least one 
polymer is a biocompatible, pharmaceutically acceptable, bioerodible 
polymer. 



55. The drug eluting stentec 
polymer is a polyester. 



graft\)fclaim 53, wherein said at least one 



56. The drug eluting stented graft of cl aim 53/wvherein said at least one 
therapeutic agent is selected from the groupponsisting of antiplatelet 
agents, anticoagulant agents, antimetaboliis agents, antisense agents, 
vasoactive agents, nitric oxide releasing agents, anti-inflammatory agents, 
antiproliferative agents, pro-endothelial agents, anti-migratory agents, 
antimicrobial agents, selective gene delivery vectors, sirolimus, 
actingmycin-D and paclitaxel. 

57. The drug eluting stented graft of claim 56, wherein said selective gene 
delivery vectors are Semliki Forest Virus (SMV) adapted\to deliver 
restenosis preventing genes. 
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58. The drug eluding stented graft of claim 53, wherein said at least one 
polymer is a hydrophobic, bioerodible, copolymer comprising mers I and 
II according to the foUowing formula: 




wherein: 

□ Ri is a member selected frorrf the\roup consisting of alkylene 

of 1 to 10 carbons; alkenylene\of 2 to 10 carbons; alkyleneoxy of 2 to 6 
carbons; cycloalkylene of 3 to 7^rbo\mcycloalkylene of 3 to 7 carbons 
substituted with a member selected, from tffe group consisting of alkyl of 
1 to 7 carbons, an alkoxy of 1 to 7parbons, an alkylene of 1 to 10 
carbons, and an alkenyl of 2 to 7 carbons; cycloalkenylene of 4 to 7 
carbons; cycloalkenylene of 4 to 7 carbons substituted with an alkyl of 1 
to 7 carbons, an alkoxy of 1 to 7 carbons, an alkylene of 1 to 10 carbons, 
and an alkenyl of 2 to 7 carbons; arylene; and arylene substituted with an 
alkyl of 1 to 7 carbons, an alkoxy of 1 to 7 carbonk an alkylene of 1 to 
10 carbons, an alkenyl of 2 to 7 carbons; and wherein a is 0 to 1 ; b is 2 
to 6; m is greater than 10; n is greater than 10; andl at least one of 
Ri, a, and b in mer I is different than R 1t a, and b in\mer II; and wherein: 
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□ said composite of at least one polymer and at least one therapeutic 
substance when in operation bioerodes and releases said at least one 
therapeutic substance at a rate selected from (1 ) a zero order rate, (2) a 
continuous rate, and (3) a variable rate, which rate is produced by 
preselecting said composite of at least one polymer and at least one 
therapeutic substance.^and said elastomer to give the desired result. 



59. The drug eluting stented g 
is a hydrophobic, bioerodibl 
according to the following form 

-Q .0 — Rj- 



m 53, wherein said at least one polymer 
-lymier comprising mers I, II, and III 




ICH r 

2 b _£n 



wherein: 

□ Ri is a member selected from the group consisting of alkylene of 1 to 
1 0 carbons; alkenylene of 2 to 10 carbons; aikyleneoxy of 2 to 6 
carbons; cycloalkylene of 3 to 7 carbons; cycloalkylene of 3 to 7 
carbons substituted with a member selected from the group consisting 
of alkyl of 1 to 7 carbons, alkoxy of 1 to 7 carbons\an alkylene of 1 to 
10 carbons, and an alkenyl of 2 to 7 carbons; cycloalkenylene of 4 to 7 
carbons; cycloalkenylene of 4 to 7 carbons substituted with an alkyl of 
1 to 7 carbons, an alkoxy of 1 to 7 carbons, an alkyleneW 1 to 10 
carbons, and an alkenyl of 2 to 7 carbons; arylene; and arylene 
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substituted with an alkyl of 1 to 7 carbons, an alkoxy of 1 to 7 carbons, 
an alkylene of 1 to 10 carbons, an alkenyl of 2 to 7 carbons; and 
wherein a is^O to 1 ; b is 2 to 6; m is greater than 1 0; n is greater than 
10; p is greatenthan 10; and at least one of R-i, a, and b in mers I, II 
and III is different \\an R 1f a, and b in mers I, II and III; and wherein: 

□ said composite of at least one polymer and at least one therapeutic 
substance when ifTdperation bioerodes and releases said at least one 



therapeutic substa 
a continuous rate, a 
preselecting said comp 
least one therapeutic subsf 
desired result. 




selected from (1 ) a zero order rate, (2) 
able rate, which rate is produced by 
at least one polymer and said at 
id elastomer to give the 



60. The drug eluting stented graft of claim 53, wherein: 

□ a multiplicity of microcapsules is dispersed\within said at least one 
polymer, wherein said microcapsules have a\vall formed of a drug 
release rate controlling material; 

□ said at least one therapeutic substance is contained within said 
multiplicity of microcapsules; and, 

□ said at least one polymer has the formula: 
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I 
I 

•Ri-O—C-O 
1 I -J 



wherein Ri is a member selected from the group of divalent, trivalent and 
tetravalent radicals consisting of alkylene of 1 to 10 carbons; alkenylene of 
2 to 10 carbons; alkyleneoxy of 2 to 6 carbons; cycloalkylene of 3 to 7 
carbons; cycloalkylen^of3^q 7 carbons substituted with an alkyl of 1 to 7 
carbons, alkoxy of 1 to\7 carbbnk an alkylene of 1 to 10 carbons, and an 
alkenyl of 2 to 7 carbon\cyclo\ke^Vlene of 4 to 7 carbons 
cycloalkenylene of 4 to 7 carbons substituted with an alkyl of 1 to 7 



carbons, an alkoxy of 1 to 7 carbons; 



an alkylene of 1 to 10 carbons, and 



an alkenyl of 2 to 7 carbons; arylene? and aryjene substituted with an alkyl 
of 1 to 7 carbons, an alkoxy of 1 to 7 carbons, and an alkenyl of 2 to 7 
carbons; R 2 and R 3 are selected from the group consisting of alkyl of 1 to 
7 carbons; alkenyl of 2 to 7 carbons; alkoxy of 1 to 7 carbons; alkenyloxy 



'V 



of 2 to 7 carbons; alkylene of 2 to 6 carbons; alkenylene of 3 to 6 carbons; 
alkyleneoxy of 2 to 6 carbons; alkenyleneoxy of 3 to 6 carbons; aryloxy; 
aralkyleneoxy of 8 to 12 carbons; aralkenyleneoxy^f 8 to 12 carbons; oxa; 
ORiO with Ri as defined above; a heterocyclic ring of 5 to 8 carbon and 
oxygen atoms formed when R2 and R 3 are taken together; a heterocyclic 
ring of 5 to 8 carbon and oxygen atoms substituted with\an alkyl of 1 to 7 
carbons, an alkoxy of 1 to 7 carbons and alkenyl of 2 to 7 carbons formed 
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when R 2 and R 3 are taken together; a fused polycyclic ring of 8 to 12 
carbon and oxygen atoms formed when F^and R3 are taken together; a 
fused polycyclic\ing of 8 to 12 carbon and oxygen atoms substituted with 
an alkyl of 1 to 7 carbons; an alkoxy of 1 to 7 carbons and an alkenyl of 2 
to 7 carbons; and wherein at least one of said R 2 and R3 is a member 
selected from the group consisting of alkoxy, alkenyloxy and OR-iO; R2 
and R3 when taker^ together are a member selected from the group of 
heterocyclic and fused polycyclic rings having at least one oxygen atom in 
the ring; and wherein n\s greate^tfian 10; 
so that, in operation, said polyme\and s\aidViicrocapsules bioerode at a 



controlled and continuous rate over 
said at least one therapeutic substance 
a prolonged period of time. 



period of time, thereby releasing 
plied and continuous rate over 



61. The drug eluting stented graft of claim 53, wherein: 

□ said coat further comprises at least a first layer and a second layer, 
wherein said first layer comprises said at least one therapeutic 
substance and at least a first polymer, and said second layer 
comprises said at least one therapeutic substance and at least a 
second polymer, wherein at least one of said first polymer and said 
second polymer are selected from the group consisting of polymers of 
the formula: 
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wherein Ri is a member selectedfrom the group of divalent, trivalent and 
tetravalent radicals consisting of/aJkylene of 1 to 10 carbons; alkenylene of 2 to 
1 0 carbons; alkyleneoxy of 2 to 6^ cartas; cycloalkylene of 3 to 7 carbons; 
cycloalkylene of 3 to 7 carbons sul?stitut§d\with an alkyl of 1 to 7 
carbons, alkoxy of 1 to 7 carbons, afk^lenedf^to 1 0 carbons, and an 
alkenyl of 2 to 7 carbons; cycloalkenylene qfyM© 7 carbons; 
cycloalkenylene of 4 to 7 carbons substituted with'an alkyl of 1 to 7 
carbons, an alkoxy of 1 to 7 carbons, an alkylene\of 1 to 10 carbons, and 
an alkenyl of 2 to 7 carbons; arylene; and arylene substituted with an 
alkyl of 1 to 7 carbons, an alkoxy of 1 to 7 carbons, and an alkenyl of 2 
to 7 carbons; R 2 and F^are selected from the group consisting 
of alkyl of 1 to 7 carbons; alkenyl of 2 to 7 carbons; alkoxyW 1 to 7 



carbons; alkenyloxy of 2 to 7 carbons; alkylene of 2 to 6 carbons; 



alkenylene of 3 to 6 carbons; alkyleneoxy of 2 to 6 carbons; alkenyleneoxy 
of 3 to 6 carbons; aryloxy; aralkyleneoxy of 8 to 12 carbons; 
aralkenyleneoxy of 8 to 12 carbons; oxa; O RiO with Ri as 
defined above; a heterocyclic ring of 5 to 8 carbon and oxygen atom's 
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formed when R 2 and R3 are taken together; a heterocyclic ring of 
5 to 8 carbon and oxygen atoms substituted with an alkyl of 1 to 7 
carbons; an alkoxV of 1 to 7 carbons and an alkenyl of 2 to 7 carbons 
formed when R 2 and P? 3 are taken together; a fused polycyclic 
ring of 8 to 12 carbon and oxygen atoms formed when R 2 and R3 
are taken together; aVusedNr^ycyclic ring of 8 to 12 carbon and oxygen 
atoms substituted with sm alkyJ ortto 7 carbons, an alkoxy of 1 to 7 
carbons and an alkenyl of2 to AcarBons; and wherein at least one of said 
R 2 and R3 is a member selected fromuhegroup consisting of alkoxy, alkenyloxy 
and OR-iO; R1 and R 3 when taken^g^tnerar^a member selected from the 
group of heterocyclic and fused polycyfeUc rings having at least one oxygen atom 
in the ring; and wherein is greater than 1fj\ ) 

so that when in operation, said layers bioerode at a controlled and continuous 
rate over a prolonged period of time, thereby releasing said at least one 
therapeutic substance at a controlled and continuous rate over a prolonged 
period of time. \ 

62. The drug eluting stented graft of claim 61 , wherein said first polymer is a 
pharmaceutically acceptable biocompatible non-bioerooible polymer that 
sequesters an agent for brachytherapy. \ 
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63. The drug eluting stented graft of claim 62, wherein said agent for 

brachytherapy selected from the group consisting of palladium-103 ( 103 Pd), 
192 lr, 32 P, 188 Re, ano\Sr/Y90 source trains 



64. The drug eluting stentedWaft of claim 53, wherein: 

□ a multiplicity of discrete, closed cells exists within said at least one 
polymer, said cells having a wall formed and defined by said at least 
one polymer; 

□ said at least one polymer has the formula: 




wherein Ri is a member selected from the group of divalent, trivalent and 
tetravalent radicals consisting of alkylene of 1 to 10 carbons; alkenylene of 
2 to 10 carbons; alkyleneoxy of 2 to 6 carbons; cycloalkylene of 3 to 7 
carbons; cycloalkylene of 3 to 7 carbons substituted^ with an alkyl of 1 to 7 
carbons, alkoxy of 1 to 7 carbons, an alkylene of 1 to 1 0 carbons, and an 
alkenyl of 2 to 7 carbons; cycloalkenylene of 4 to 7 carbons; 
cycloalkenylene of 4 to 7 carbons substituted with an alkyl of 1 to 7 



T 
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carbons, an alkoxy of 1 to 7 carbons, an alkylene of 1 to 10 carbons, and 
an alkenyl ofV to 7 carbons; arylene; and arylene substituted with an alkyl 
of 1 to 7 carbons\an alkoxy of 1 to 7 carbons, and an alkenyl of 2 to 7 
carbons; R2 and R3 are selected from the group consisting of alkyl of 1 to 
7 carbons; alkenyl of 2 to 7 carbons; alkoxy of 1 to 7 carbons; alkenyloxy 
of 2 to 7 carbons; alkylene of 2 to 6 carbons; alkenylene of 3 to 6 carbons; 
alkyleneoxy of 2 to 6 carbons; alkenyleneoxy of 3 to 6 carbons; aryloxy; 
aralkyleneoxy of 8 to 12 rarbobs: aralkenyleneoxy of 8 to 12 carbons; oxa; 
OR-iO with R-i as defined abpve;^ heterocyclic ring of 5 to 8 carbon and 
oxygen atoms formed when Roana\R3 ^e taken together; a heterocyclic 
ring of 5 to 8 carbon and oxygenators Substituted with an alkyl of 1 to 7 
carbons, an alkoxy of 1 to 7 carbons\an v d an alkenyl of 2 to 7 carbons 
formed when R 2 and Raare taken together: a fus^d polycyclic ring of 8 to 
12 carbon and oxygen atoms formed when R^and R3 are taken together; 
a fused polycyclic ring of 8 to 12 carbon and oxygen atoms substituted 
with an alkyl of 1 to 7 carbons, an alkoxy of 1 to 7\ carbons and an alkenyl 
of 2 to 7 carbons; and wherein at least one of said R2 and R3 is a member 
selected from the group consisting of alkoxy, alkenyloxy and OR-iO; R2 
and R3 when taken together are a member selected from the group of 
heterocyclic and fused polycyclic rings having at least one oxygen atom in 
the ring; and wherein n is greater than 10; 
□ wherein said at least one therapeutic substance dissolved in a 
pharmaceutically acceptable carrier that is a solvent for said at least 
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18 67. The drug eluting stented graft of claim 65, wherein at least dne said connector 

1 9 is substantially circumferentially offset from an adjacent neighbor connector. 
20 

21 68. The drug eluting stented graft of claim 67, wherein said circumferentially 

22 offset connectors form a helical array. 



one therapeutic substance and a nonsolvent for said at least one 
polymer is contained within said multiplicity of discrete, closed cells; 
so that, when in operatiorK said at least one polymer is capable of bioeroding at a 
controlled and continuous rate over a prolonged period of time, thereby releasing 
said at least one therapeutic substance at a controlled and continuous rate over 
a prolonged period of time. 

65. The drug eluting stented graft off clainq53, wherein said stent comprises a 
plurality of elements, wherein each sai&element comprises an undulating 
linear shape formed into a generally cylindrical configuration having a cylinder 
axis generally aligned on the axis of said hoilowybore, and wherein each said 
element is connected to an adjacent neighj^r^lernent by at least one linear 
connector. 

66. The drug eluting stented graft of claim 65, wherein sa\d plurality of elements 
comprises a spiral. 




23 
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1 69. The drug eluting stented graft of claim 65, wherein at least one said connector 

2 is not substantially circumferentially offset from an adjacent neighbor 

3 connector. 
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70. The drug eluting stented graft of claim 65, wherein said undulating linear 
shape is a generally zigzag shape comprising a plurality of zigs having tips 
and a plurality of zags having tips, wherein said tip of each said zig of each 
element and the nearest said tip of each said zig of an adjacent neighbor 
element generally lie in a plane passMgthrough the axis of said hollow bore, 
and wherein said tip of at leasrpne saicl zickof each element and at least one 



said nearest said tip of a zig of a\adjacer\t 
said linear connector. 



(ghbor are connected by one 



71 .The drug eluting stented graft of claim 65, whereWsaid undulating linear 
shape is a sinusoidal shape having a plurality of peiaks and a plurality of 
valleys, wherein each said peak of each element and leach said valley of an 
adjacent neighbor generally lie in a plane passing through the axis of said 
hollow bore, and wherein at least one said peak of each element and said 
valley of an adjacent neighbor lying generally in said plane are^ connected by 
one said linear connector. 



22 72. The drug eluting stented graft of claim 65, wherein each said linear connector 

23 has a length dimension generally parallel to the axis of said hollow bora and 
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a width and aepth dimension, and wherein said length dimension is greater 
than said width dimension and said length dimension is greater than said 
depth dimension. 

73. The drug eluting stented graft of claim 72, wherein said length dimension is 
about 3 to 10 times greater tharvsaid width dimension, and said length 
dimension is about 3 to 10 times greater than said depth dimension. 

74. The drug eluting stented graft of claim 5\wherein said PTFE is replaced by 
an elastomer selected from the group consfeHng of fluorinated ethylene 
propylene, polytetrafluoroethylene-perfluoroalMWinyl ether copolymer, 
polyvinyl chloride, polypropylene, polyethylene tere\hthalate, broad fluoride; 
and, other biocompatible plastics. 

75. The drug eluting stented graft of claim 53 wherein said ^?1\FE covering is 
formed of expanded, sintered PTFE tape, said tape having been wound about 
the outer surface of said stent to create said covering thereon. 

76. The drug eluting stented graft of claim 53, wherein said PTFE is\expanded 
polytetrafluoroethylene having fibrils. 



77. The drug eluting stented graft of claim 76, wherein said fibrils measure up to 
about 300 u in length. \ 



1 



8 
9 

i 10 
m 11 

1 12 

I y 

^ 13 

E 

u 14 



03 15 



H 16 
17 
18 
19 
20 
21 



November 1 5, 20 




Page 70 of 75 



VAS5041CIP2 



2 78. The drug\eluting stented graft of claim 76, wherein said fibrils measure up to 

3 about 200 una length. 

4 \ 

5 79. The drug eluting ste\ed graft of claim 76, wherein said fibrils measure up to 

6 about 100 u in length. 



80. The drug eluting stented~grafX6{ claim 76, wherein said fibrils measure up to 
about 50 u in length. 



81. The drug eluting stented graft^of 
about 5 u in length. 



herein said fibrils measure up to 




82. The drug eluting stented graft of claim 75 wherein said tape has a width of 
less than about 1 inch (2.54 cm.). 

83. The drug eluting stented graft of claim 75 wherein said fape has a thickness 
of less than 0.015 inch (0.038 cm.) and wherein said tape Is wound about 
said stent in overlapping fashion, such that said elastomer coyering 
comprises 1 to 10 layers of said tape. 



22 84. The drug eluting stented graft of claim 75 wherein said tape is helica\ly 

23 wrapped about said stent. 
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85. The drug eluting stented graft of claim 75 wherein said tape has a width of 0.5 
inches (1 .27 cm), ancKwherein said tape is helically wrapped such that 6-8 
revolutions of tape are applied per longitudinal inch (2.54 cm.) of said drug 
eluting stented graft. 

86. The drug eluting stented grift of cl^lm^ wherein said tape is helically 
wrapped alternately in a first\directior\ancLthen in the opposite direction. 



87. The drug eluting stented graft of claim 86 
tape. 



rthe\comprising 8 layers of said 



88. The drug eluting stented graft of claim 53 wherein^sajd stent is a self- 
expanding stent. 

89. The drug eluting stented graft of claim 88, wherein said self-expanding stent 
comprises a shape memory alloy that can alternately exist ih a first and a 
second crystalline state, wherein said stent assumes a radiallv expanded 
configuration when said shape memory alloy is in said first crystalline state, 
and a radially compact configuration when said shape memory allqy is in said 
second crystalline state. 
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90. The drug elutihg stented graft of claim 53 wherein said stent is a pressure- 
expandable stent. 

91 .The drug eluting stented gNaft of claim 88 wherein said stent is formed of a 
metal alloy comprising at least two elements selected from the group 
consisting of iron, cobalt, clfromiui^, nickel, titanium, niobium, and 
molybdenum. 

92. The drug eluting stented graft oKclaim 89^wheVein said shape memory alloy 
comprises at least about 51% to about 59%\iickel and the remainder 
comprising titanium. 

93. The drug eluting stented graft of claim 89 wherein s^id shape memory alloy 
comprises about 0.25% chromium, at least about 51%\to about 59% nickel, 
and the remainder comprising titanium. 

94. The drug eluting stented graft of claim 53 wherein said covetyig has a 
thickness of less than 0.1 inch (0.25 cm.). 

95. The drug eluting stented graft of claim 75 wherein said PTFE tape\has a 
thickness of less than 0.015 inches (0.038 cm.), said tape being wrapped 
about said stent in overlapping fashion so as to form said covering. 
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density of le^ss than 1^.6 g/cc. 



97. The drug eluting stented graft of claim 75 wherein said covering has a 

thickness of less thar\ 0.1 inch (0.25 cm.) and the PTFE tape has a density of 
less than 1 .6 g/cc. 



98. The drug eluting ste 
applied to said stent b 



if claim 53 wherein said coat was 



□ immersing said stent, in a\liqui^Dolymer dispersion; 

□ removing said stent frorn sa^d liquid polymer dispersion; and, 

□ drying said liquid polymer dispersion that has remained on said stent, 
whereby said coat is formed on said s\en\ 

99. The drug eluting stented graft of claim 53 wherein said coat is formed by 
electron beam deposition. 



adherent to said coat. 



21 101. A method for the treatment of cardiovascular disease, comprising 




\ 



implanting the drug eluting stented graft of claim 53 in a patient in need of 
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such treatment wherein^said implantation is effective to ameliorate one or 
more of the symptoms of said cardiovascular disease. 



102. An article of manufacture, comprising packaging material and the drug 



eluting stented graft of claim 53yc 
wherein said drug eluting stentedyg. 



ined within the packaging material, 
aras effective for implantation in a patient 
afflicted with cardiovascular diseased and the packaging material includes a 
label that indicates that said device is^effective for said implantation. 



